The welding process of 5A06 aluminum alloy cylinder longitudinal weld with 5mm thickness is simulated by finite element software. Distribution on the cylinder for residual stress field was described. Experiments were performed to verify the residual stress. Using loading the tensile stress is applied in the cylinder, and it generates tensile plastic deformation. So it partially offsets compressive deformation of weld and its vicinity. This method is put forward to control the welding distortion and reduce residual stress. The results show that this method can control longitudinal shrinkage and angular distortion of cylinder effectively.
INTRODUCTION
Aluminum and aluminum alloy is an important structural material because of excellent physical properties, chemical properties, mechanical properties and process characteristics used in the aerospace, chemical industry, transportation and other industries (Hu, 2011) . With the progress of welding technology, people have developed into a variety of applications to meet the special requirements of aluminum welding structures, such as spacecraft, space shuttle and so on. Laser deep melting welding process for welding plate aluminum is a highefficiency, high-quality welding method, which is suitable for longitudinal welding of aluminum alloy components and ring weld welding butt, laser welding of large-scale aluminum welding alloy cylinder structure of the technology has been widely used (Lin, 2012; Chen, 2010) .
In the welding process, the uneven heating makes the weld and it's near the seam temperature is very high, after cooling, to produce varying degrees of deformation and welding stress (longitudinal stress and transverse stress), resulting in a variety of welding structure deformation (Chen, 2008) , to a large extent affected the use of function and appearance of the weldment; and as the industry's most widely used non-ferrous metal materials, aluminum alloy and high thermal conductivity, about 3 times the steel, so control of aluminum Alloy welding deformation than the carbon steel structure is much more difficult. The application of aluminum alloy in the pressure vessel is increasing day by day. The residual stress and deformation distribution of aluminum alloy cylindrical weldment, which is one of the important components, is one of the important factors affecting the safety and quality of the pressure vessel (Wang, 2013; Zhang, 2013) . In order to reduce and eliminate welding residual stress and deformation, people have come up with a lot of methods, mostly to post-weld treatment. It is of great significance to realize low-stress and non-deformation welding compared to post-weld treatment, control and change the unbalanced stress generated in welding process. In recent years, many active methods have been developed to control welding residual stress and deformation, such as pre-stress welding method. In this paper, the pre-stress welding is simulated using finite element simulation and it is done the experiment.
The pre-stress method can not only reduce the peak of compressive stress in the weld and the near seam region during heating, but also can reduce the residual compressive plastic deformation of the weld and the near seam region. So that the residual edge of the welding pressure amplitude of the pressure drop to a very low level, and thus control the welding deformation of components. In recent years, the pre-stress method is widely used in the control of welding deformation of longitudinal seam and spherical skin flange welding.
In this paper, the pre-stress method reduces the peak compressive stress in the weld and the near-slit zone during heating (Zhou, 2008; Deng, 2006) and significantly reduces the residual compressive plastic deformation in the weld and near-seam zones. So that the residual edge of the weld pressure stress value down to a very low level, so as to control the structure of the welding deformation.
FINITE ELEMENT MODEL

Mesh
In the process of numerical simulation, 5A06 cylinder longitudinal seam welding (Zhou, 2009) was selected as the research object. The cylinder size was 508mm, wall thickness 5mm and length 2000mm. And the 5A06 Al alloy is composed of Mg(5.8%−6.8%), Si(0.4%), Mn(0.5%−0.8%), Fe(0.4%), Zn(0.2%) (mass fraction) and balance Al (Li, 2008; Chi, 2011) . In order to take into account the calculation time and computer capacity, and improve the accuracy of the premise, in the temperature gradient of the weld and near the seam area using encrypted grid, in the distance from the weld and the temperature change is not obvious in the region, Sparse grid, from dense to sparse grid to achieve a good overall transition, the smallest unit size of 1.25mm × 1.25mm × 1.25mm. The grid of the cylinder is shown in Figure1. 
Application of Pre-stress
As can be seen from Figure 2 , a preload stress of 0 to 0.7σ s is applied to the cylinder in the direction parallel to the weld (longitudinal direction) (Sakkiettibutra, 2012) , where the yield strength σ s of 5A06 is 160Mpa, and the tensile stress field is generated in advance in the workpiece. Pre-stress is too small to reduce the residual stress amplitude is small, the actual effect is poor. When the preset stress is 0.7σ s , the specimens with low stress, small deformation and no hot crack can be obtained. Taking into account the actual clamping of the specimen, the pre-stress loaded adopts the mode of concentrated symmetrical loading with both sides of the deviation from the weld centerline 45 °. 
Treatment of Boundary Conditions
Welding is a large strain problem, the resulting strain is large enough to cause changes in the shape of the unit that changes caused by stiffness, so the use of Full Newton-Raphson method for each iteration of a balance to correct the stiffness matrix. And the double-material isotropic model is provided in ANSYS. The Von-Mises yield criterion and the Prandtl-Reuss flow equation (but not the Bauschinger effect) are applied to the isotropic material. The initial temperature of the aluminum alloy cylinder is set at 20°C and the inner surface of the cylinder is set to adiabatic Boundary conditions, the other side of the convective boundary conditions imposed.
Welding process fixture situation shown in Figure 3 , aluminum alloy cylinder structure itself, rigidity, clamping the binding effect is obvious. Therefore, in the finite element model, the rigid fixed constraint is applied to the displacements of the nodes in the x, y and z directions of the constraint fixture, and the cooling process is canceled. 
Treatment and Application of Heat Source
The welding heat source is to simulate the weld by means of ANSYS. Before the calculation, all the elements in the weld are "killed" and activated in sequence, and the heat generation rate (HGEN) is applied to the active element. The action time of the thermal load is equal to the actual welding time.
where HGEN is the rate of heat generated for each load step with W/m 3 , A weld is the cross-sectional area of the weld with m 2 , v is the welding speed with m/s, and dt is the time step of each load step with s. According to the welding heat efficiency of aluminum alloy, the thermal efficiency is 70% of the welding heat source, regardless of the material latent heat.
FINITE ELEMENT ANALYSIS
Influence of Pre-stress on the Residual Stress
The longitudinal residual stress distribution on the circumference of cylinder center cross section without welding is shown in Figure 4 , and it can be seen that the longitudinal residual stress is symmetrical about the weld centerline. It can be seen from Figure 3 that the maximum residual stress is 178Mpa in the upper half of the cylinder where the weld is located, and the tensile stress region is very narrow and the transition to the compressive stress region is rapid. The maximum value of compressive stress is -98MPa. The stress distribution on the semi-circumferential surface of the cylinder is tensile, but the value is lower, and the stress is balanced with the upper half of the stress. Therefore, the residual stress is smaller and the temperature on the weld center line is 90 ° So much from the weld 90 ° for a little tensile stress, about 15MPa or so. Aluminum lap plate on the assembly accuracy, the width of the joint surface and weld penetration depth are stringent requirements. If there is no pre-stress between the plates, the existence of the gap will lead to the impact of energy transfer in the welding pool, the phenomenon of inter-board flow. Therefore, pre-stress applied in the welding process has become the key to the quality of welding. Contrast is between the application of prestress and without pre-stress in the laser welding of aluminum alloy welding shown in Figure6. When the prestress is not applied, the gap is larger, the liquid metal in the molten pool flows in the gap, the surface depression, weld formation is poor; with the pre-stress increases, the weld shape gradually improved, When the stress is 0.7σ s , the weld shape is the best. Figure 7 show that the deformation of the cylinder in all directions is different from the above welding residual strain field without pre-stress. The maximum strain in the direction of X is in the range of 90°, the maximum strain is 0.007039, and the maximum strain in the y direction is 0.709×10 -3
. The z direction maximum strain in the vicinity of the weld zone, the maximum value is 0.763×10 -4
.After adding the pre-stress, the deformation is obviously reduced. Figure 8 for the cooling of the weldment, no pre-stress, 0.7σ s pre-stress deformation of the barrel along the deformation of the bus were compared. It can be seen from Figure 6 that the maximum value of the concave deformation appears in the middle of the cylindrical structure. The maximum residual deformation without prestress welding is 4.19mm, while the maximum residual deformation after welding with 0.7σ s pre-stress is 1.43mm. Compared with no pre-stress welding, 0.7σ s pre-stress welding residual angle Deformation decreased by 76%. Can be seen, the preset stress can reduce the welding residual deformation. 
ANALYSIS OF RESULTS
6 points in the welding parts measured to test the simulation results are correct. It can be seen from Figure. 9 that the simulated stress is consistent with the measured value, indicating that the stress-strain distribution of the heating and cooling can be changed by the pre-stress welding. For the weld metal, the tensile plastic deformation during the cooling process Not enough to offset the heating process of extrusion plastic deformation, resulting in the weld and near the seam area of the metal under compression strain, welding after the emergence of a high residual stress and deformation; if the longitudinal preload stress on the weld Metal to produce a certain amount of additional tensile strain, thereby compensating residual compressive plastic strain, making the entire cylinder of the stress redistribution, and finally the formation of a new balance between tension and compression to reduce welding residual stress, High -quality welding parts. 
CONCLUSIONS
The welding residual stress and deformation can be effectively controlled in the preset stress welding, and the weldment with low stress and small deformation can be obtained. When the pre-stress is 70% of the yield strength, the residual stress is only 62.4Mpa, less than the pre-stress when the peak 178.2Mpa decreased by about 65%, the residual deformation is also significantly reduced from 4.19mm reduced to 1.43mm, only without pre-stress when the 34% of the measured cylinder surface can be Get the appearance of the weld.
